Abstract We analyze daily precipitation extremes from simulations of a polar-optimized version of the Weather Research and Forecasting (WRF) model. Simulations cover 19 years and use the Regional Arctic System Model (RASM) domain. We focus on Alaska because of its proximity to the Pacific and Arctic oceans; both provide large moisture fetch inland. Alaska's topography also has important impacts on orographically forced precipitation. We use self-organizing maps (SOMs) to understand circulation characteristics conducive for extreme precipitation events. The SOM algorithm employs an artificial neural network that uses an unsupervised training process, which results in finding general patterns of circulation behavior. The SOM is trained with mean sea level pressure (MSLP) anomalies. Widespread extreme events, defined as at least 25 grid points experiencing 99th percentile precipitation, are examined using SOMs. Widespread extreme days are mapped onto the SOM of MSLP anomalies, indicating circulation patterns. SOMs aid in determining high-frequency nodes, and hence, circulations are conducive to extremes. Multiple circulation patterns are responsible for extreme days, which are differentiated by where extreme events occur in Alaska. Additionally, several meteorological fields are composited for nodes accessed by extreme and nonextreme events to determine specific conditions necessary for a widespread extreme event. Individual and adjacent node composites produce more physically reasonable circulations as opposed to composites of all extremes, which include multiple synoptic regimes. Temporal evolution of extreme events is also traced through SOM space. Thus, this analysis lays the groundwork for diagnosing differences in atmospheric circulations and their associated widespread, extreme precipitation events.
Introduction
Recent studies over the Arctic have shown that regional climate models can produce physically credible simulations of precipitation and temperature extremes [e.g., Glisan et al., 2013; Eden et al., 2014; Gutowski, 2014a, 2014b; Wong et al., 2014] . While different mechanisms can be responsible for extreme events in different seasons (e.g., convection in summer and synoptic processes in winter), the resolved atmospheric circulations conducive to extreme events are well modeled. The consequences of these extreme events have been shown to have a broad range of negative and long-lasting impacts on the physical environment and society inhabiting these locations, especially the Arctic [Intergovernmental Panel on Climate Change, 2014] . Understanding the behavior of contemporary extremes and their associated physical mechanisms is very important with the projected substantial warming across the high latitudes [Larsen et al., 2014] . Additionally, the extremes are projected to increase in occurrence and severity in the future climate [Collins et al., 2013] .
In studying weather extremes, an important goal is understanding how large-scale circulations produce conditions favorable for extreme events. This can be time consuming for studies comprising many years as the number of event occurrences multiplies. To reduce the data volume and simplify the process of isolating circulation features conducive to extremes, an analysis method known as self-organizing maps (SOMs) can yield the characteristics of a region's synoptic climatology. Kohonen [2001] originally developed the SOM algorithm as a visualization mechanism for higher-dimensional data sets. Studies by several, including Cavazos [1999 Cavazos [ , 2000 , Hewitson and Crane [2002] , Gutowski et al. [2004] , E. N. , J. J. , and Cassano et al. [2007] brought the SOM technique into meteorological and climatological research.
The study of extreme events often involves their spatial and temporal behavior in a region. SOMs have shown a capability to distinguish such behaviors and to segregate a range of spatially unique circulation patterns GLISAN ET AL.
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[E. N. . This segregation is helpful in distinguishing similar circulation configurations, which appear as adjacent circulation maps in the SOM array. Thus, we can distinguish important differences between similar circulation features present during extreme events.
There are numerous recent studies using SOMs to analyze meteorological variables, including temperature, wind, and precipitation extremes, in the middle and high latitudes. However, SOM studies of extreme precipitation events in the Arctic are not as numerous as those of temperature extremes. Sheridan and Lee [2011] reviewed analyses employing SOMs for climatological studies, some of which concentrate on the Arctic and Antarctic. Among these, E. N. investigated the connection between 2 m temperature and 10 m wind extremes to synoptic circulations in northern Alaska. Heikkilä and Sorteberg [2012] used clustering to study the relationship between precipitation and sea level pressure circulations in the cold season across Norway. Precipitation-based SOM studies outside of the high latitudes include wintertime extreme precipitation events over the Balkan Peninsula [Cavazos, 2000] and the relationship between circulation and extreme precipitation in northwestern Mexico and southeastern Texas [Cavazos, 1999] .
This paper focuses on precipitation extremes governed by synoptic weather for winter (December-JanuaryFebruary: DJF) and summer (June-July-August: JJA) over Alaska ( Figure 1 ) from 1992 to 2007. We are interested in Alaska as an Arctic analysis region because of its proximity to the Arctic and Pacific oceans, both of which can supply a large moisture fetch for inland precipitation. The topography of Alaska can also have an important impact on precipitation [Glisan et al., 2013; Gutowski, 2014a, 2014b] . Additionally, the interaction between semipermanent pressure systems, such as the Beaufort High and Aleutian Low, may play a role in the development and maintenance of transient circulation features that produce widespread precipitation events. In Gutowski [2014a, 2014b] , we used simple composites, to examine widespread extremes. In this paper, we use SOMs to differentiate between particular types of extreme events occurring in different spatial regions.
Model, Simulations, and Data
We use a simulation produced by a polar-optimized version of the Advanced Weather Research and Forecasting model (ARW-WRF) [Skamarock et al., 2008] on the 50 km pan-Arctic domain developed for the Regional Arctic System Model (RASM) [Maslowski et al., 2013 
Journal of Geophysical Research: Atmospheres

10.1002/2016JD024822
across the Arctic [Lindsay et al., 2014] . For prescribed sea ice, we use Bootstrap Sea Ice Concentrations [Comiso, 2008] from the National Snow and Ice Data Center (NSIDC). The simulation was run continuously, rather than as a series of short forecasts pieced together. Table 1 summarizes many parameterizations and features of the WRF version we used for simulation [Cassano et al., 2011 [Cassano et al., , 2015 We concentrate our analysis on two seasons: winter (December-January-February) and summer (June-JulyAugust) from 1992 to 2007; the simulation covered 1989-2007, but we exclude the first 3 years for model spin-up. We have used the RASM domain in the past [Glisan et al., 2013] because it is large enough to encompass the synoptic-scale circulations that directly influence Alaska precipitation. Additionally, the domain encompasses important transport and interoceanic processes.
For observations, we use the National Climate Data Center's (NCDC) Global Summary of the Day, which includes daily precipitation, 10 m winds, and surface fields. We also use diagnostic fields from the ERA-Interim Reanalysis. We define a precipitation event as precipitation at an observation site or model grid point that exceeds 2.5 mm/day. We chose this threshold since the NCDC stations do not record precipitation below 2.5 mm. For each season and data source, we pool all grid points in the analysis domain together and then extract the top 1% of daily precipitation events to define our extreme events. Additionally, following Glisan et al. [2013] and Gutowski [2014a, 2014b] , we define widespread events as covering at least 25 model grid points or 16 NCDC stations.
Analysis Methods
Precipitation Extremes
Our analysis of precipitation extremes uses two diagnostics. The first is frequency versus intensity plots, constructed using normalized histograms; we use the criteria in Wilks [1995] to ensure that our bin widths are neither too course nor too fine. To better understand the spatial scale of the extreme precipitation events, we use plots showing the number of precipitation extremes occurring simultaneously on at least N grid points on the same day, so-called simultaneity plots. Since the NCDC stations are not as numerous as the model grid points, we use a normalization procedure to scale the relative importance of observation points versus model grid points. This allows us to account for the different spatial scales resolved by the WRF grid and NCDC station distribution. We determine the scaling factor by dividing the number of grid points in the analysis region by the number of NCDC stations, under an assumption that the stations are roughly evenly distributed Gutowski, 2014a, 2014b] .
SOM Training
The SOM technique was developed by Kohonen [2001] and has been applied to meteorological and climatological data to evaluate the effects of large-scale circulation on weather patterns, including those present during extreme events. The SOM algorithm is built on a neural network framework that employs an unsupervised [Janjic, 1994] 
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learning method to establish generalized patterns in the data. The algorithm can be considered as a clustering technique that identifies a user-determined number of patterns that span the range of conditions present in the training data. The higher-dimensional input data are simplified by mapping nodes, representing individual circulation maps, onto a two-dimensional surface-the SOM. Cassano et al. [2015] provides a detailed explanation of the training procedure.
The SOM training output is effectively a classification array of patterns, the dimensions of which are user defined. The SOM map array is a discrete depiction of a continuous pattern space occupied by the diagnostic field examined. The "self-organizing" aspect of the algorithm comes from the degree to which the input maps organize themselves, through the training procedure.
For our SOM training, we used a domain much larger than our analysis region ( Figure 1) ; this allows for all relevant circulation patterns to be included in the SOM array. The training procedure is well documented by others [e.g., Hewitson and Crane, 2002; Gutowski et al., 2004; E. N. Cassano et al., 2006 E. N. Cassano et al., , 2015 .
We train the SOM using daily mean sea level pressure (MSLP) anomalies from the combined WRF and EI fields. We calculate the MSLP anomalies by subtracting each day's region-averaged MSLP from each grid point's value. We use the MSLP anomalies because we want to focus on gradient of MSLP, indicating circulation patterns, and not have fluctuations in overall atmospheric mass in the region during the season influencing the SOM patterns. We also exclude MSLP values at locations above 500 m because differences between EI and WRF in computing MSLP over regions of high and/or complex terrain could produce spurious results.
A benefit of the SOM mapping is that nodes with similar circulation patterns are placed near each other ( Figure 2 ). However, the nodes are not necessarily evenly distributed throughout the pattern space depicted by the SOM; for example, nodes in the top left corner may have much more in common than nodes in the bottom right corner. Further analysis based on the SOM depends partly on knowing how similar adjacent nodes are, which a Sammon map [Sammon, 1969] of the SOM array can reveal. A Sammon map is a twodimensional representation of the higher order data; the distance between nodes and the degree of distortion (e.g., folds and twists) found in the Sammon map is directly related to how the circulations found on each node are related to their neighboring node circulations. A perfectly flat Sammon map would suggest that each node is physically similar to all surrounding nodes; a highly distorted Sammon map would indicate a much more complex SOM and hence more abrupt transitions of circulation patterns across the SOM array. Such a Sammon map could pose interpretation difficulties when analyzing the temporal evolution of an extreme event through SOM space (the SOM array).
SOM Frequency Analysis
Once we choose the appropriate SOM array for each season, we produce two sets of plots for both observed and simulated precipitation. Specifically, we map all precipitation events on the SOM from the NCDC observations and WRF output. This process shows climatological frequency and the associated daily MSLP anomalies on each SOM node for the targeted season during 1992-2007 (e.g., Figures 5a and 5b for DJF). The other is the frequency of MSLP anomalies in the SOM array for the dates of widespread extreme events (e.g., Figures 5c and 5d). The location of highly accessed nodes (or clusters of nodes) shows the circulation patterns present during extreme events. Moreover, segregating specific events in SOM space will help distinguish geographical and physical mechanism differences between extreme events. These frequency distributions will also allow us to trace the evolution of extreme events through SOM space, thus indicating the evolution of their underlying physical mechanisms.
Composites
We composite several ERA-Interim and WRF fields for both extreme and nonextreme events on highfrequency nodes. We choose different high-frequency nodes, since the widespread extremes are occurring at different spatial locations. These composites allow us to understand what yields an extreme event compared to a typical precipitation event with a similar MSLP anomaly. This is especially evident in JJA, where mesoscale circulations can be more significant than larger scale circulations. By comparing composites for events occurring at different SOM locations, we can better understand the background mechanisms present, as the MSLP anomaly will be the same for all events on the node. 
Temporal Evolution
Using the SOM and our knowledge of the extreme days, we can trace the evolution of an extreme event before and after its day of occurrence. Not only can we glean information such as strengthening or persistence of a transient pressure system, we can also determine whether there exists a specific flow regime evolution that produces a widespread extreme in a certain location in physical space.
To examine temporal evolution, we construct centroids of the event occurrence frequencies in the SOM array for 5 days before and after the extreme event. A centroid here is the frequency-weighted average location in SOM space for the feature tracked (for example, Figure 9a ). We calculate an average location and standard deviation to create the centroid; this centroid calculation is performed for each day, allowing us to track the temporal movement through the SOM for the event. We do this for the two highest frequency extreme event nodes for DJF and JJA, as well as for those nodes' climatology. We are interested in how extreme events accessing a high-frequency node evolve through SOM space and how this behavior differs from the climatological evolution.
Centroids in our figures are scaled using the standard deviation of the input frequency distribution; bigger (smaller) centroids indicate a higher (lower) amount of frequency spread within SOM space. For example, smaller centroids indicate frequently accessed nodes are closer together and thus more alike in terms of circulation character. We then plot the centroids on their associated Sammon maps, which highlight how the extreme event evolves through time. The Sammon maps for our SOMs are relatively flat and thus appropriate for temporal analysis; the nodes in the SOMs are physically similar to their immediate neighbors. Centroids for days before (after) an extreme event are shaded from a light to dark gradient of blue (red), with days closer to the event having a darker color.
Results
Precipitation Frequency Versus Intensity
Daily frequency versus intensity plots are shown for DJF ( Figure 3a ) and JJA (Figure 3b ) from the 16 year WRF simulation and NCDC observations. For both seasons, we find that the model is simulating well lower intensity precipitation events. The model shows less agreement with the observations for higher intensity events; this behavior is largely the same as found in Arctic simulations analyzed by Gutowski [2014a, 2014b] . We have also marked the 95th and 99th percentiles for WRF and NCDC precipitation. In DJF, the model performs well up to the 95th percentile but then has difficulty simulating the highest intensity events. In JJA, the WRF and NCDC percentiles agree well. Figure 4 shows the simultaneity plots of WRF versus NCDC observations for events above the 99th percentile. The figure shows that for both seasons, the observed and simulated spatial scales of extreme daily precipitation events are largely the same. We also find the DJF widespread extremes cover a larger number of grid points than in JJA. This suggests the DJF extremes are governed by synoptic dynamics, while the JJA extremes are governed by mesoscale processes. Figure 5 shows frequency plots for DJF precipitation climatology in the ERA-Interim (Figure 5a ) and the WRF simulation (Figure 5b ) MSLP fields. Although the frequency distributions are fairly even, there are some differences between the reanalysis and WRF frequencies. It is important to remember that we create the frequency plots using precipitation events from NCDC; the corresponding circulation fields for the days in which the precipitation events occur (e.g., MSLP) are from the EI reanalysis, since NCDC cannot supply this information.
SOM Frequency Distributions 4.2.1. DJF
The three highest frequency ERA-Interim nodes are located in the top and bottom left corners; the general circulation configuration is that of a low pressure in the Bering Sea and high pressure over the Arctic basin.
Higher frequency ERA-Interim nodes are concentrated on the top right corner of the SOM. While a large area of higher frequency WRF nodes are found in the bottom right of the SOM, the two highest frequency nodes are located in the top left, in agreement with the ERA-Interim.
There is better agreement when comparing the DJF days with widespread extremes in ERA-Interim ( Figure 5c ) and WRF (Figure 5d ). In winter, we find two locations in SOM space that are accessed frequently by both the Journal of Geophysical Research: Atmospheres 10.1002/2016JD024822 model and observations during extreme precipitation events, suggesting that two distinct circulations are producing widespread extremes in our analysis region. The first region of interest concentrates on node (1,1), while the second region is found at the opposite side of the SOM array, specifically nodes (6,1) and (7,1) ( Figure 2a ). For the high-frequency nodes, node (1,1) has a strong low-pressure system in the North Pacific with an area of high pressure over the eastern portion of the analysis domain. Consistent with this circulation configuration, the widespread events occur along the western coast of Alaska. For the second region of interest, the low pressure is located in the Bering Sea. The region of high pressure is also shifted farther south and east of its position in node (1,1). As a result, the widespread precipitation events occur farther inland. Most precipitation events accessing these nodes are located in the Chugach and Wrangell mountain ranges of southeastern Alaska. Since this is a region of high topography, the location of the extremes suggests significant orographic precipitation.
JJA
In the summer season both climatological and extreme frequencies are more dispersed among the nodes than in winter ( Figure 6 ). This behavior may be linked to the smaller variability of circulation patterns between SOM nodes. The reanalysis climatology favors a surface low near the Aleutian Islands and high pressure over Alaska, whereas WRF climatology favors a surface low in the Arctic basin. The distinguishing difference between these regions of SOM space is the location of the low pressure center, which is the dominant feature. 
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The observed extremes are dispersed across SOM space with two regions of high-frequency nodes in the upper left and lower right quadrants. Simulated widespread extremes in JJA are less dispersed across the SOM and access nodes in the top left quadrant at a higher frequency than any other region of the SOM and thus show some agreement with the observational results. The node circulation patterns for the high-frequency nodes favor a range of low-pressure locations from the Arctic basin into Siberia. An area of weak high pressure over the Gulf of Alaska and inland is consistent across the high-frequency nodes.
In summer, there appears to be a connection to the behavior we are observing and the weaker gradient, subsynoptic scale circulations typically seen in the warm season. The simulated extremes show some agreement with the observations, especially on the left side of SOM space. The observed extreme events also favor a second region on the right side of SOM space, namely, node (7,1) and bottom right quadrant nodes. The circulations associated with these nodes have more distinct centers of high and low pressure relative to the rest of the SOM nodes, with the high located over the Arctic basin and dominant low near the Aleutian Islands. When this configuration is present, we find moisture fetch off of the Gulf of Alaska into the southeastern coastal mountains of the analysis region, producing orographically forced precipitation.
The simulated widespread extremes in summer are accessing nodes on the far left column of the SOM; nodes (1,1) and (1,3) are among the highest frequency nodes within a cluster of higher frequency nodes in the upper left quadrant. While there is a spread in SOM space among the WRF-accessed nodes, the circulations being accessed have a consistent pattern; a low pressure system located north to northwest of Alaska and high pressure over the Gulf of Alaska and inland. This configuration suggests that the low is advecting As mentioned above, WRF is missing events that are being observed in the bottom right of SOM space. We believe the model is having difficulty simulating these extremes because of the difference in topography between the real world and WRF. In the part of Alaska where these extremes events are observed, the topography varies by 2000 m over less than 20 km. The model cannot resolve such rapidly changing elevation. Thus, smoothed model topography does not provide the necessary barrier forcing to produce real world extremes.
Whereas the DJF SOM segregates specific extreme events in terms of geographic location, the JJA SOM does less so, especially for nodes in the upper left quadrant of SOM space. With mesoscale processes occurring more in the warm season and areas of high topography excluded from the training data, MSLP may be less useful for distinguishing extreme precipitation events in JJA.
Composite Fields
For winter, we have created both ERA-Interim and WRF composites for node (5,2), though we do not show ERA-Interim for conciseness. We find that on the day of widespread extreme occurrence there is inland moisture fetch into the extreme event region ( Figure 7) ; we see similar behavior for node (1,5), which is not shown. Both nodes show a similar dominant low/weaker high pressure couplet over the analysis region, with the low off the coast of Alaska and the high in the Arctic basin. When we difference the composites for extreme 
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events and nonextreme events accessing these high-frequency nodes, we also find positive anomalies of low-level moisture, 10 m wind vectors and 2 m temperature (not shown), indicating that more moisture was available for the processes creating the extremes. Additionally, a large, positive moisture fetch anomaly into the region of high topography was present; all composite anomalies are colocated with the region in which the widespread precipitation extremes are occurring.
In summer, where segregation within SOM space is less clear-cut, we still find positive anomalies of moisture, temperature (not shown), and fetch (Figure 8 ). In terms of high access node (1,3) where extremes are occurring in two distinct regions of Alaska, we find that a slight poleward movement of the low pressure (not shown) system near Siberia produces widespread extremes in northern Alaska; an equatorward movement produces extreme events in southern Alaska.
Temporal Evolution
We analyze the simulated temporal evolution of wintertime extreme and climatology centroids accessing nodes (5,2) and (1,5). As shown in Figure 5d , these nodes are accessed for the simulated widespread extreme events 16.48% and 9.89% of the time, respectively. For WRF climatological evolution, node (5,2) shows a large area of low pressure 3 to 5 days before the extreme events. In the days after the climatological event we find an evolution back to the same circulation state as before the event (Figure 9a ). In the days directly before, this area of low pressure consolidates, moves into the Gulf of Alaska, and then retrogresses off the Alaskan west Figure 9 . (a) DJF climatology centroids plotted on the Sammon map for reference node (5,2). Blue (red) centroids represent days before (after) the events accessing this node. The color gradient is such that colors become darker the closer to the extreme event node, represented by the yellow circle. (b) DJF extreme centroids plotted on the Sammon map for reference node (5,2). Blue (red) centroids represent days before (after) the events accessing this node. The color gradient is such that colors become darker the closer to the extreme event node, represented by the yellow circle. (c) DJF climatology centroids plotted on the Sammon map for reference node (1,5). Blue (red) centroids represent days before (after) the events accessing this node. The color gradient is such that colors become darker the closer to the extreme event node, represented by the yellow circle. (d) DJF extreme centroids plotted on the Sammon map for reference node (1,5). Blue (red) centroids represent days before (after) the events accessing this node. The color gradient is such that colors become darker the closer to the extreme event node, represented by the yellow circle.
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coast. We find some deviation from climatological behavior for the extreme events evolution; the extreme events centroids are larger than the climatology centroids, suggesting more variability in the evolution of the extremes (Figure 9b ). The extremes occur with a persistent, weak low-pressure feature in the Gulf of Alaska that eventually retrogresses to the southwest coast of Alaska (Figure 9b ). In the days after the event, the area of low pressure moves downstream of the region experiencing the widespread extreme precipitation. Thus, the departure from climatology is most noticeable the farther out in time from the extreme event.
For node (1,5), the climatological and extreme event evolution are similar (Figures 9c and 9d ). In the 3 to 5 days prior to the extreme event, a large area of low pressure is present in the Gulf of Alaska, with a large dome of high pressure over the Arctic Basin. This dipole circulation pattern remains consistent in the 2 days before the extreme event, though the low has deepened and retrogressed toward the Aleutian Islands. The combination of cyclonic and anticyclonic flow acts to advect moisture into the central part of Alaska, which is where the widespread precipitation events occur. In the days directly after, the low-and high-pressure features return to the configuration in which they started. The similarity between the climatological and extreme evolution suggests that there must be a distinct mechanism that produces extreme events. Composites of the extreme days show that a slight poleward movement of the low-pressure center occurs on the day of the extreme event. Thus, a slight deviation in the flow configuration may be responsible for producing these widespread extremes.
Nodes (3,1) and (1,3) are the high-frequency nodes of interest in JJA, having 11.11% and 12.04% of access, respectively (Figure 6d ). For node (3,1), we find that the climatological (Figure 10a ) and extreme event centroids (Figure 10b ) have different evolutionary paths through the SOM; extreme event centroids in the days leading to the high access nodes are much larger; they are accessing a larger region of SOM space. For the days farthest from the extreme node, we find a weak trough retrogress from the center of the domain and transition into a more well defined pressure center, off the southwestern coast of Alaska. In days following the extreme node, the low moves poleward, as high pressure builds into the western portion of the domain.
The differences between the evolution of extreme and climatological events occurring on node 1,3 are more visible, especially for the days leading up to events (Figures 10c and 10d) . For the days prior to the climatological events, there is some semblance of a low-pressure retrogressing in the Arctic basin, with a similar propagation of high pressure from the Gulf of Alaska toward the Aleutian Islands (Figure 10c ). This evolutionary behavior differs from the extreme events, where we find a weaker pressure gradient (weaker high and low centers), with the low (high) over Alaska (Aleutian Islands; Figure 10d ). In the days after the climatological and extreme events, we find similar centroid trajectories (Figure 10d ), though the centroids are larger, suggesting a greater range of evolutionary pathways through SOM space to the extreme event. However, the circulation configuration shows a high pressure in the southern part of the domain, with a stronger low-pressure gradient over the Arctic basin and Siberia.
Discussion and Conclusions
We have used self-organizing maps to classify circulation patterns conducive for widespread extreme precipitation events in Alaska for winter and summer seasons during 1992-2007. Both seasonal SOMs were trained using combined MSLP anomalies from WRF simulations and ERA-Interim reanalyses. After training, we diagnosed the frequency of occurrence of MSLP patterns for the climatology and for the widespread extreme precipitation events from NCDC and WRF. This is a significant part of the analysis in that climatological synoptic features were identified and then compared to patterns producing extremes. We used a number of analysis techniques, including frequency versus intensity plots, composites of pertinent diagnostic fields, and temporal evolution of high-frequency nodes, to identify important atmospheric features present during widespread extremes.
We defined widespread extreme precipitation events as the top 1% of precipitation events above the 2.5 mm d À1 threshold on 25 or more grid points. Frequency versus intensity plots show that the models are simulating well lower intensity events. Only in terms of higher intensity and extreme events do we see a departure from the NCDC observations. We also find that the observed and modeled spatial scales are in good agreement.
We next mapped the NCDC and WRF precipitation climatologies and extremes onto the seasonal SOMs. This technique allows us to compare and analyze circulation features being accessed during extreme events. We compare simulated circulation features to the EI reanalysis MSLP fields. While we do find slight DJF variability in the climatological circulation location, there is good agreement that a low pressure is the dominant circulation mode; the reanalysis (model) low center is found in the Gulf of Alaska (Bering Sea). The observed and simulated winter precipitation extremes show good agreement in terms of their location in SOM space; we found two high frequency clusters, each having a distinct circulation character. Both clusters show a dipole feature, with a high pressure in the east and a deep low pressure in the west. The clusters differ in that the cluster one has the dipole further upstream than cluster two. This change in location produces two distinct extreme locations in Alaska. Cluster one (two) produces extremes on the southwest coast (Gulf coast) of Alaska.
In summer, the observed and simulated climatologies accessed opposite ends of SOM space. However, the widespread extremes from both NCDC and WRF were found to occupy the same leftmost columns of the SOM. The circulation configuration found in this portion of SOM space favors a low pressure over the Arctic, with high pressure over the Pacific. In a departure from DJF, the SOM is having some difficulty differentiating the spatial locations of extreme events on high-frequency nodes in different parts of SOM space. For example, extreme events on node (1,3) are found in different parts of Alaska. This behavior may be connected to the mesoscale dynamics dominating precipitation production in JJA. Specifically, the subgrid processes may affect the skill of the SOM training, especially since topography below 500 m is masked out.
We produced composites of high-frequency nodes for widespread extreme and nonextreme events, for both seasons. The difference plots show that positive anomalies of low-level moisture, temperature, and wind speed were collocated with the regions in which extreme precipitation events were occurring. Even in Journal of Geophysical Research: Atmospheres
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situations where extremes are occurring in multiple spatial regions on a high-frequency node (e.g., JJA node (1,3)), the composites highlight the conditions present during extreme precipitation events.
Another capability of the SOM algorithm is the analysis of extreme event time evolution through SOM space. For both seasons, we chose two high-frequency nodes in different parts of SOM space. We then analyzed how the circulation present on the day of the extremes evolved, using a lead/lag time of 5 days.
For DJF, spatial extremes were found in two different parts of Alaska. While the climatological and extremes evolution agreed well in the days immediately prior to, and after, the node is accessed-low pressure near the Gulf of Alaska retrogressing toward the southwest coast of Alaska-we find some degree of disagreement on the peripheries of the lead/lag days. We do find that a near-identical flow configuration is present 3 to 5 days prior, as well as many days out, from the extreme node. This suggests a strong synoptic signal in the temporal evolution. However, in the case of the second spatial extreme location of occurrence there is also a strong high pressure present over the Arctic basin. The combined cyclonic/anticyclonic flows act to advect moisture into central Alaska, where the extreme events accessing this node are found.
Temporal analysis in summer shows less agreement between climatological and extreme evolution in the days after extreme event occurrence. As noted in DJF, a retrogressing cyclone is found in the days leading to the extreme events; the location of the cyclone in the days prior to the event is directly responsible for the spatial location of the widespread precipitation events in Alaska. In general, the centroids are larger than what is found in the DJF trajectories; more of SOM space is being accessed, and hence, a larger variety of circulations are present on the lead up to the extreme events. The behavior seems to be tied to the relaxed gradients and mesoscale-type flows that dominate most summer SOM nodes. These flow characteristics also might lend to the SOM not segregating extreme event locations as well as in DJF, which suggests training on MSLP may not do as well for warm season Alaska
Overall, SOMs do a good job at highlighting how precipitation extremes occurring in specific parts of Alaska correspond to high-frequency nodes in different regions of SOM space. SOMs can be a powerful tool in diagnosing physical characteristics leading to extremes. Specifically, SOMs helped classify the dominant circulation features present during widespread precipitation extremes. This study is a further indication of the SOM's ability to segregate extremes having different spatial locations, as well as dynamic features. Coupled with WRF's ability to simulate well the physical processes creating daily widespread events in Alaska, the SOM technique gives us another method for analyzing changes in future climate extremes.
